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(54) Apparatus for measuring quantity of toner, and image forming apparatus comprising 
measuring apparatus 



(57) An input offset voltage (41 ) is applied to the out- 
put side of an irradiation quantity monitoring light receiv- 
ing element (4), so that a light emitting element (1) re- 
mains turned off unless a light quantity control signal 
(S1c) exceeds a predetermined signal level. Prior to ir- 
radiation of light upon an intermediate transfer belt (141) 
and measurement of a toner quantity, a light quantity 
control signal below the predetermined signal level is 
supplied to an irradiation quantity adjusting unit (5) and 
the light emitting element (1 ) is turned off without fail. A 
memory (62) stores, as a dark output voltage, an output 
voltage (Vp, Vs) from a reflection quantity detecting unit 
(7) upon the turning off. In actual measurement of a ton- 
er quantity, with light irradiated upon the intermediate 
transfer belt (141), the dark output voltage is subtracted 
from the output voltage (Vp, Vs) outputted from the re- 
flection quantity detecting unit (7), whereby an influence 
of the dark output voltage is eliminated. 
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BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

[0001] The present invention relates to a toner quantity measuring apparatus which measures the quantity of toner 
adhering to an image carrier such as a photosensitive member and a transfer medium, and an image forming apparatus 
which comprises such a toner quantity measuring apparatus. 

w 

2. Description of the Related Art 

[0002] For the purpose of realizing a stable image density, an image forming apparatus of the electrophotographic 
type, such as a printer, a copier machine and a facsimile machine, internally comprises a toner quantity measuring 

*5 apparatus which measures the quantity of toner adhering to an image carrier such as a photosensitive member and a 
transfer medium. Such a toner quantity measuring apparatus is as described in Japanese Patent Application Unex- 
amined Gazette No. 2000-29271 , for example. A toner quantity measuring apparatus described in this gazette (here- 
inafter "first conventional apparatus") has a light emitting element irradiating light toward an image carrier such as a 
photosensitive member and a reflection -side light receiving unit including a light receiving element. The light receiving 

20 element receives reflected light from the photosensitive member so that the quantity of toner on the photosensitive 
member is calculated based on the quantity of the received light (the quantity of the reflected light). 
[0003] Further, aiming at stabilization of the quantity of the irradiated light, a beam splitter splits the irradiated light 
at a predetermined ratio, whereby the irradiated light is partially extracted. Another light receiving element (of irradiation- 
side light receiving unit) detects the quantity of the extracted light, and the light emitting element is feedback-controlled 

25 in such a manner that the detection result stays at a reference value. 

[0004] Meanwhile, often used as a light receiving element is as shown in Fig. 1 , for instance. Fig. 1 is a drawing of 
an elect ric structure of a conventional light receiving unit. In this light receiving unit, an anode terminal of a light receiving 
element PS, such as a photodiode, is connected with a ground potential and a non-inversion input terminal of an 
operational amplifier OP which forms a current-voltage (\N) conversion circuit. A cathode terminal of the light receiving 

30 element PS is connected with the non-inversion input terminal of the operational amplifier OP, and additionally, with 
an output terminal of the operational amplifier OP through a resistor R. Hence, as the light receiving element PS 
receives light and carries a photoelectric current /, an output voltage V0 at the output terminal of the operational amplifier 
OP is: 

35 

V0 = i • R 

Thus, the light receiving unit outputs a signal corresponding to the quantity of the reflected light. 

[0005] In the light receiving unit having such a structure, since the level of the output signal, e.g., an output voltage, 

40 from the light receiving unit changes approximately in proportion to the quantity of incident light which is the quantity 
of the reflected light from a photosensitive member, the circuitry of the light receiving unit is normally configured such 
that a detection signal having a characteristic as that denoted at the solid line in Fig. 2 is obtained. However, depending 
on irregularity among light receiving units or other circuit elements, a change in characteristics due to an environmental 
condition, a change in characteristics due to deteriorated durability, etc., a characteristic as that denoted at the dotted 

45 line or the dotted-and-dashed line in Fig. 2 may be realized. 

[0006] Now, a characteristic as that denoted at the dotted-and-dashed line in Fig. 2 will be considered. Assuming 
that the circuit shown in Fig. 1 is operated by a dual power supply which uses a (+15V)-power source and a (-15V)- 
power source, a negative voltage is outputted when the quantity of the reflected light is zero. However, as a dual power 
supply requires a higher cost for a power source part, a single power supply with only a (+15V)-power source is often 

so used in an actual apparatus. Yet, if only one power source is used, as indicated by the characteristic at the dotted-and- 
dashed line in Fig. 2 : a so-called dead zone where the output voltage level remains at zero without any change will be 
developed. This in other words is a problem that such a toner quantity which produces only a small amount of reflected 
light can not be measured. This problem worsens particularly when high-density black toner is to be detected, since 
black toner absorbs light and the amount of reflected light therefore sharply decreases. 

55 [0007] Noting this, another option for measurement of a toner quantity on the high-density side may be to increase 
the quantity of the irradiated light from the light emitting element, and hence, the quantity of the reflected light. However, 
this merely shifts the problematic zone but fails to completely solve the problem since a similar problem will rise during 
measurement of the quantity of toner having an even higher density. Further, in the case of the first conventional 
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apparatus, it is possible to set the quantity of the irradiated light from the light emitting element only at one single light 
quantity. Hence, a toner quantity can be accurately measured only within a limited density range in the first conventional 
apparatus. 

[0008] On the other hand, a characteristic as that denoted at the dotted line in Fig. 2 leads to a situation that an 
5 output does not become zero even if the light emitting element is not irradiating light, which is known as outputting of 
a dark output. Due to this, even when the light emitting element irradiates light upon the photosensitive member and 
the quantity of the reflected light from the photosensitive member is detected, the detection result contains a dark 
output component. Adding to the difficulty, the dark output is relevant to characteristics such as a dark current of the 
light receiving unit and an offset of the operational amplifier, and therefore, changes in accordance with an environ- 
10 mental condition, such as a temperature around the apparatus, and a change with time of the components which form 
the apparatus. Thus, highly accurate measurement of a toner quantity is difficult. 

[0009] A conventional approach to these problems is to suppress the irregularity using an adjustment circuit which 
is disposed inside the apparatus. However, such a structure has been met with a challenge that the light receiving unit 
has a complex circuit, a higher cost is required as repeated adjustment is necessary and even more highly accurate 

15 measurement is difficult because of other factors such as uneven adjustment. 

[0010] In a different toner quantity measuring apparatus described in the gazette above (hereinafter "second con- 
ventional apparatus"), a light emitting element irradiates light toward a photosensitive member (image carrier), light 
reflected at the photosensitive member is split into p-polarized light and s-polarized light, and a p-polarized light re- 
ceiving unit detects the quantity of the p-polarized light while an s-polarized light receiving unit detects the quantity of 

20 the s-polarized light. The quantity of toner on the photosensitive member is found based on a difference between these 
two light quantities. 

[0011] In the second conventional apparatus, units as that shown in Fig. 1 are used as the light receiving units, which 
results in similar problems to those with the first conventional apparatus described above. Further, measuring the 
quantity of the toner based on the difference between the two light quantities, the second conventional apparatus has 

25 another problem as described below. Owing to an environmental factor such as an ambient temperature and humidity, 
a change with time of the light emitting element, etc., the quantity of irradiated light upon the photosensitive member, 
a transfer image carrier or the like may sometimes change, and therefore, a toner quantity is wrongly detected because 
of the change in the quantity of irradiated light. For instance, as the quantity of irradiated light upon an image carrier 
such as the photosensitive member decreases, the quantities of the p-polarized light and the s-polarized light as well 

30 decrease, thereby changing the light quantity difference. As a result, a toner quantity calculated based on the difference 
as well changes, which worsens a measurement accuracy. 

[0012] In addition, while color toner and black toner adhere to an image carrier such as a photosensitive member 
and a transfer medium in a color image forming apparatus, color toner and black toner have different reflection char- 
acteristics from each other. Thus, for measurement of the quantity of toner based on the quantity of reflected light, a 
35 toner quantity should be measured optimally for each toner color. Despite this, merely one type of toner quantity meas- 
urement is executed according to the first and the second conventional techniques, leaving enough room for improve- 
ment in measurement accuracy. 

SUMMARY OF THE INVENTION 

40 

[0013] A principal object of the present invention is to provide a toner quantity measuring apparatus which allows 
highly accurate measurement of the quantity of toner which adheres on an image carrier such as a photosensitive 
member and a transfer medium. 

[0014] Another object of the present invention is to provide an image forming apparatus which creates an image with 
45 a stable density based on a result of measurement obtained by the toner quantity measuring apparatus. 

[001 5] In fulfillment of the foregoing object, a predetermined output offset is applied to the output from a light receiving 
element. Toner quantity calculating means calculates the quantity of toner which adheres to an image carrier based 
on the output from the light receiving element. In this manner, with application of the output offset, it is possible to 
eliminate an influence of a dead zone without fail and output an output which corresponds to the quantity of the reflected 
50 light. 

[001 6] According to another aspect of the present invention, irradiation amount adjusting means keeps a light emitting 
element turned off while a light quantity control signal to control the quantity of light irradiated by the light emitting 
element remains below a predetermined input offset. This allows to turn the light emitting element off without fail. 
[001 7] According to further aspect of the present invention, reflection quantity detecting means detects light quantities 
55 of a first and a second light components which are different from each other and contained in reflected light from an 
image carrier, and toner quantity calculating means calculates a light quantity ratio between the light quantity of the 
first light component and the light quantity of the second light component which are detected by the reflection quantity 
detecting means, and calculates the quantity of toner adhering on the image carrier based on the light quantity ratio. 
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[0018] According to still another aspect of the present invention, toner quantity calculating means is structured so 
as to be able to execute, as a measurement process of measuring a toner quantity, a plurality of toner quantity detection 
processes which are different from each oth r t and s lectively executes one of the plurality of toner quantity detection 
processes in accordance with the color of toner adhering on the image carrier. 
5 [0019] The above and further objects and novel features of the invention will more fully appear from the following 
detailed description when the same is read in connection with the accompanying drawing. It is to be expressly under- 
stood, however, that the drawing is for purpose of illustration only and is not intended as a definition of the limits of the 
invention. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

Fig. 1 is a drawing of an electric structure of a conventional light receiving unit; 
15 Fig. 2 is a graph showing a change in output voltage with respect to the quantity of reflected light where an output 

offset voltage is not applied; 

Fig. 3 is a drawing of a preferred embodiment of an image forming apparatus according to the present invention; 
Fig. 4 is a drawing of a toner quantity measuring apparatus which is incorporated within the image forming appa- 
ratus shown in Fig. 3; 

20 Fig. 5 is a drawing of an electric structure of a light receiving unit which is used in the toner quantity measuring 

apparatus shown in Fig. 4; 

Fig. 6 is a drawing showing a light quantity control characteristic of the toner quantity measuring apparatus shown 
in Fig. 4; 

Fig. 7 is a graph showing a change in output voltage with respect to the quantity of reflected light in the toner 
25 quantity measuring apparatus shown in Fig. 4; 

Fig. 8 is a flow chart showing operations of the toner quantity measuring apparatus shown in Fig. 4; 

Fig. 9 isra flow chart showing operations of a toner quantity measurement process (1); 

Fig. 10 is a graph showing a change in output voltage with respect to a color toner quantity; 

Fig. 11 is a graph showing a change in output voltage with respect to a black toner quantity; 
30 Fig. 12 is a flow chart showing operations of the toner quantity measuring apparatus according to the present 

invention in anther preferred embodiment; 

Fig. 13 is a flow chart showing operations of a toner quantity measurement process (2) shown in Fig. 12; 

Fig. 14 is a graph showing a change in output voltage with respect to a black toner quantity as the quantity of 

reflected light increases; 

35 Fig. 15 is a flow chart showing operations of the toner quantity measuring apparatus according to the present 

invention in still other preferred embodiment; 

Fig. 16 is a flow chart showing operations of a toner quantity measurement process (3) shown in Fig. 15; 
Fig. 17 is a graph showing a change in output voltage with respect to a light quantity control signal; 
Fig. 1 8 is a graph showing a change in output voltage with respect to a toner quantity as a gain of an amplifier to 
40 s-polarized light increases; 

Fig. 19 is a flow chart showing operations of a toner quantity measurement process (4); 

Fig. 20 is a drawing of an electric structure of another light receiving unit which can be used in the toner quantity 
measuring apparatus according to the present invention; 

Fig. 21 is a graph showing a change in voltage outputted from the light receiving unit shown in Fig. 20 with respect 
45 to the quantity of reflected light; 

Fig. 22 is a drawing of an electric structure of still other light receiving unit which can be used in the toner quantity 
measuring apparatus according to the present invention; and 

Fig. 23 is a graph showing a change in voltage outputted from the light receiving unit shown in Fig. 22 with respect 
to the quantity of reflected light. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0021] Fig. 3 is a drawing of a preferred embodiment of an image forming apparatus according to the present inven- 
tion. This image forming apparatus is an apparatus which overlays toner in four colors of yellow (Y), cyan (C), magenta 
55 (M) and black (K) one atop the other and creates a full-color image. As a control unit (denoted generally at 6 in Fig. 4) 
receives an image signal from an external apparatus such as a host computer, an image corresponding to the image 
signal is created on a sheet S, such as a transfer paper, a copier paper and a transparency for an overhead projector, 
with the respective portions of an engine part E operating under the control of the control unit. 
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[0022] In the engine part E, it is possible to form a toner image on a photosensitive member 121 of a process unit 
102. In other words, the process unit 102 comprises the photosensitive member 121 which can rotate in the direction 
o indicated by the arrow in Fig. 3. Further, an electrifying roller 122 serving as electrifying means, developers 123Y, 123C, 
123M and 123K serving as developing means, and a cleaner blade 124 for the photosensitive member are disposed 

5 around the photosensitive member 121 and along the direction of rotations of the photosensitive member 121 . 

[0023] In this apparatus, after the electrifying roller 122 uniformly electrifies an external circumferential surface of 
the photosensitive member 121 while staying in contact with the outer circumferential surface of the photosensitive 
member 121 , an exposure unit 1 03 irradiates laser light L toward the outer circumferential surface of the photosensitive 
member 121 to form an electrostatic latent image thereon. 

10 [0024] The electrostatic latent image thus created is developed with toner by a developer part 123. In short, the 
developer 123Y for yellow, the developer 123C for cyan, the developer 123M for magenta and the developer 123K for 
black are arranged as the developer part 123 in this order along the photosensitive member 121, according to this 
embodiment. The developers 123Y, 123C, 123M and 123K are each capable of freely abutting to and departing from 
the photosensitive member 121 . In response to an instruction from the control unit 6, one of the four developers 123Y, 

15 123C, 123M and 123K selectively contacts the photosensitive member 121, supplies toner of a selected color to a 
surface of the photosensitive member 121 by means of an applied high voltage, and visualizes the electrostatic latent 
image on the photosensitive member 121. 

[0025] The toner image developed by the developer part 123 is primarily transferred, in a primary transfer area 
located between the black developer 123K and the cleaner blade 124 for the photosensitive member 121, onto an 
20 intermediate transfer belt 141 (image carrier) of a transfer unit 4. Further, as the cleaner blade 124 for the photosensitive 
member is disposed at a position ahead of the primary transfer area in a circumferential direction (which is the direction 
indicated at the arrow in Fig. 3), the toner still sticking to the outer circumferential surface of the photosensitive member 
121 is scraped off. 

[0026] The transfer unit 104 comprises seven rollers 142 to 148, and the endless intermediate transfer belt 141 is 
25 spun across the six rollers 142 to 147 except for the secondary transfer roller 148. For transfer of a color image onto 
a sheet S, toner images of the respective colors formed on the photosensitive member 121 are laid one atop the other 
on the intermediate transfer belt 141 thereby forming a color image, during which the sheet S unloaded from a cassette 
or a hand-feed tray travels to a secondary transfer area moving passed between an upper guide member 105U and 
a lower guide member 105D, whereby the color image is secondarily transferred onto the sheet S and the color image 
30 is obtained (color printing process). Meanwhile, for transfer of a monochrome image onto a sheet S, only a black toner 
image on the photosensitive member 121 is formed on the intermediate transfer belt 141 and thereafter transferred 
onto a sheet S conveyed to the secondary transfer area in a manner similar to that for a color image, whereby the 
monochrome image is obtained (monochrome printing process). 

[0027] A belt cleaner 149 is disposed facing the roller 146, and after the secondary transfer, the belt cleaner 149 
35 removes and cleans residual toner off the intermediate transfer belt 1 41 . Further, there is a sensor 1 40 below the roller 
143 for detection of a reference position of the intermediate transfer belt 141 . This sensor serves as a vertical syn- 
chronization reader sensor for obtaining a synchronizing signal in a sub scanning direction which is approximately 
perpendicular to a main scanning direction, i.e., a vertical synchronizing signal. 

[0028] A main part 2 of a toner quantity measuring apparatus which measures the quantity of toner adhering on the 
40 intermediate transfer belt 141 is disposed facing the roller 143 across the intermediate transfer belt 141 . Based on the 
quantity of toner adhering to the surface of th e intermediate transfer belt 1 41 measured by this toner quantity measuring 
apparatus, a control unit 6 adjusts process conditions such as an electrifying bias and a developing bias and controls 
an image density. 

[0029] Fig. 4 is a drawing showing a first preferred embodiment of the toner quantity measuring apparatus which is 
4 5 incorporated within the image forming apparatus shown in Fig. 3. This toner quantity measuring apparatus comprises 
a light emitting element 1 such as an LED which irradiates light toward the intermediate transfer belt 141 . Further, 
according to this embodiment, for the purpose of adjusting the quantity of the irradiation, there are a polarizing beam 
splitter 3, an irradiation quantity monitoring light receiving unit 4 and an irradiation quantity adjusting unit 5. 
[0030] The polarizing beam splitter 3 is located between the light emitting element 1 and the intermediate transfer 
50 belt 141 as shown in Fig. 4, and splits into p-polarized light whose polarization direction is parallel to a surface of 
incidence of the irradiated light on the intermediate transfer belt 141 and s-polarized light whose polarization direction 
is perpendicular to the surface of incidence. While the p-polarized light as it is impinges upon the intermediate transfer 
belt 141 , the s-polarized light enters the irradiation quantity monitoring light receiving unit 4 after leaving the polarizing 
beam splitter 3 so that a signal which is in proportion to the quantity of the irradiated light from the light receiving unit 
55 4 is outputted to the irradiation quantity adjusting unit 5. Receiving this signal, the irradiation quantity adjusting unit 5 
feedback-controls the light emitting element 1 based on a light quantity control signal Sic provided from the control unit 
6 which comprises a CPU 61 and a memory 62 and controls the apparatus as a whole, whereby the quantity of the 
irradiated light from the light emitting element 1 illuminating the intermediate transfer belt 141 is adjusted to a value 
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which corresponds to the light quantity control signal Sic. In this manner, this embodiment permits to change and adjust 
the quantity of irradiation in a wide range. 

[0031 ] Further, according to this embodiment, an input offset voltage 41 is applied to the output side of a light receiving 
e ement 42 which is disposed to the irradiation quantity monitoring light receiving unit 4, and therefore, the light emitting 
e ement 1 is ma.ntained turned off unless the light quantity control signal Sic exceeds a certain signal level A specific 
electnc structure of this is as shown in Fig. 5, which is different from the conventional light receiving unit (Fig 1) with 
respect to the following point. That is, while the anode terminal of the light receiving element PS and the non-inversion 
input terminal of the operational amplifier OP are both directly coupled to the ground potential in the conventional light 
receiving unit which is shown in Fig. 1, the offset voltage 41 is interposed in this embodiment. Because of this an 
output voltage V0 from the light receiving unit 4 is: 



20 



25 



V0 = / - R + Voff (where Voff denotes an offset voltage value) 

15 The reason of this structure is as follows. 

[0032] Without application of the input offset voltage 41 , a light quantity characteristic is as indicated at the dotted 
line in Fig. 6. That is, as the light quantity control signal Slc(O) is supplied to the irradiation quantity adiustinq unit 5 
from the control unit 6, the light emitting element 1 turns off. The light emitting element 1 turns on when the signal level 
of he light quantity control signal Sic increases, and the quantity of the irradiated light upon the intermediate transfer 
belt 141 as well increases in approximate proportion to the signal level. However, the light quantity characteristic some- 
times shifts parallel as indicated at the dotted-and-dashed line or the double-dotted-and-dotted-and-dashed line in Fig 
6 due to an influence of an ambient temperature, the structure of the irradiation quantity adjusting unit 5 etc and once 
a shift as that denoted at the dotted-and-dashed line in Fig. 6 occurs, for example, the light emitting element 1 may 
stay turned on despite a turn-off instruction, namely, the light quantity control signal Slc(0) from the control unit 6 In 
contrast, where a shift toward the right-hand side in Fig. 6 (which is denoted at the solid line in Fig 6) is provided in 
advance by means of application of the input offset voltage 41 and a dead zone (signal levels Slc(0) to Slc(1)) is 
consequently created as in this embodiment, with the turn-off instruction, namely, the light quantity control signal Sic 
(0) from the control unit 6, it is possible to turn off the light emitting element 1 withoutfail, and hence, prevent malfunction 
of the apparatus. 

30 [0033] On the other hand, when the light quantity control signal Sic exceeding the signal level Slc(1) is supplied to 
he irradiation quantity adjusting unit 5 from the control unit 6, the light emitting element 1 turns on and p-polarized 
light is irradiated as irradiation toward the intermediate transfer belt 141. The intermediate transfer belt 141 reflects 
the p-polarized light, a reflection quantity detecting unit 7 detects the quantities of the p-polarized light and the s- 
polanzed light among light components of the reflected light, and signals corresponding to the respective light quantities 
35 are outputted to the control unit 6. 

[0034] The reflection quantity detecting unit 7 comprises a polarized beam splitter 71 which is disposed on an optical 
pa h of the reflected light, a light receiving unit 70p which receives the p-polarized light which travels through the 
polanzed beam splitter 71 and outputs a signal corresponding to the quantity of the p-polarized light, and a light receivinq 
unit 70s wh.ch receives the s-polarized light split by the polarized beam splitter 71 and outputs a signal corresponding 
to the quantity of the s-polarized light. In the light receiving unit 70p, a light receiving element 72p receives the p 
polanzed light from the polarized beam splitter 71 , and after the output from the light receiving element 72p is amplified 
by an ampl,f,er circuit 73p, the light receiving unit 70p outputs the amplified signal as a signal which corresponds to 
he quantity of the p-polarized light. Further, like the light receiving unit 70p, the light receiving unit 70s comprises a 
light receiving element 72s and an amplifier circuit 73s. Hence, it is possible to independently derive the light quantities 
of two component light (i.e., the p-polarized light and the s-poiarized light) which are different from each other amonq 
light components of the reflected light. 

[0035] Further, in this embodiment, output offset voltages 74p, 74s are applied respectively to the output side of the 
light receiving elements 72p, 72s, and output voltages Vp, Vs of signals supplied to the control unit 6 from the amplifier 
circuits 73p, 73s are offset to the positive side as shown in Fig. 7. Specific electric structures of the respective light 
receiving units 70p, 70s are the same as that of the light receiving unit 4, and therefore, will not be shown in drawings 
In the light receiving units 70p, 70s having such structures as well, the output voltages Vp, Vs each have a value which 
is equal to or larger than zero even when the quantity of the reflected light is zero, and moreover, the output voltaqes 
Vp, Vs increase proportionally as the quantity of the reflected light increases, which is similar as in the light receivinq 
unit 4. In th,s manner, with application of the output offset voltages 74p, 74s, it is possible to eliminate an influence of 

thj ?eSted n Mght hiCh " ShOW " ^ * With ° Ut ^ ° UtPUt ^ V °' ta9e Whi ° h corres P onds to tne q uantit V of 

[0036] The signals having the output voltages Vp, Vs are supplied to the control unit 6 and A/D-converted after 
which the control unit 6 which has a function as toner quantity calculating means calculates the quantity of toner ad- 
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hering on the intermediate transfer belt 141 in accordance with an operation flow below. In the following, a method of 
measuring a toner quantity will be described in detail with reference to Figs. 8 and 9. 
rt [0037] Fig. 8 is a flow chart showing operations of the toner quantity measuring apparatus which is shown in Fig. 4. 
In this apparatus, the control unit 6 outputs the light quantity control signal Slc(0) which corresponds to the turn-off 
5 instruction to the irradiation quantity adjusting unit 5 and accordingly turns off the light emitting element 1 (Step S1). 
According to this embodiment, in particular, as described above, the dead zone (signal level Slc(0) to Slc(1)) is set up 
by means of application of the input offset voltage 41 , and therefore, the light emitting element 1 is turned off without 
fail upon application of the light quantity control signal Slc(0). 

[0038] An output voltage VpO which is indicative of the quantity of the p-polarized light and an output voltage VsO 
10 which is indicative of the quantity of the s-polarized light in this OFF-state are detected and stored in the memory 62 
of the control unit 6 (Step S2). In short, a sensor output in the OFF-state, namely, dark output information is detected 
and stored. 

[0039] Step S3 is thereafter executed to derive the quantity of toner adhering on the intermediate transfer belt 1 41 . 
Fig. 9 is a flow chart showing operations of a toner quantity measurement process (1). In the toner quantity measure- 
rs ment process (1 ) : a signal Slc(2) at a signal level beyond the dead zone is set as the light quantity control signal Sic, 
and the light quantity control signal Slc(2) is supplied to the irradiation quantity adjusting unit 5 to thereby turn on the 
light element 1 (Step S31 ). This causes light from the light emitting element 1 to irradiate upon the intermediate transfer 
belt 141 , the reflection quantity detecting unit 7 to detect the quantities of the p-polarized light and the s-polarized light 
which are reflected by the intermediate transfer belt 141 , and the control unit 6 to receive the output voltages Vp, Vs 
20 which correspond to the respective light quantities (Step S32). 

[0040] The control unit 6 subtracts the dark output voltage VpO from the output voltage Vp with respect to the p- 
polarized light, thereby calculating a light quantity signal SigP2 which represents the quantity of the p-polarized light 
which corresponds to the toner quantity (Step S33). With respect to the s-polarized light as well, similarly to the p- 
polarized light, the control unit 6 subtracts the dark output voltage VsO from the output voltage Vs to derive a light 
25 quantity signal SigS2 which represents the quantity of the s-polarized light which corresponds to the toner quantity 
(Step S33). Since the dark output voltages VpO, VsO are removed from the measured output voltages Vp, Vs according 
to this embodiment, it is possible to accurately calculate the light quantities which correspond to the toner quantity. 
Therefore, even when there is a change in the dark outputs due to an environmental condition, such as an ambient 
temperature around the apparatus, or a change with time of the components which form the apparatus, it is possible 
30 to obtain the outputs which correspond to the toner quantity without an influence of this. 

[0041] If gains of the respective amplifier circuits 73p, 73s set such that the light quantity signals SigP2, SigS2 as 
they are when a toner quantity is set to maximum have the same value (SigP2 = SigS2), changes in the light quantity 
signals SigP2, SigS2 in response to the quantity of color toner show as in Fig. 10 and changes in the light quantity 
signals SigP2, SigS2 in response to the quantity of black toner show as in Fig. 11 . As these graphs clearly show, the 
35 light quantity signals SigP2, SigS2 as well change largely when the toner quantity changes, and an output ratio (= 
SigP2/SigS2) in the case of color toner, in particular, decreases in accordance with an increase in toner quantity (not 
shown) and becomes "1" when the toner quantity is maximum (SigP2 = SigS2). 

[0042] At Step S34, a ratio between the light quantity signals SigP2, SigS2 corrected in the manner above is then 
calculated, and a toner quantity D1 (See Figs. 10 and 11) is calculated based on the calculated output ratio (= 

40 SigP2/SigS2) (Step S35). ; 

[0043] In the first preferred embodiment, as described above, the quantity of the p-polarized light as a first light 
component (light quantity signal SigP2) and the quantity of the s-polarized light as a second light component (light 
quantity signal SigS2), out of the light components of the reflected light from the intermediate transfer belt 141, are 
found independently of each other, and the quantity of toner adhering on the intermediate transfer belt 1 41 is measured 

45 based on an output ratio between these two (= SigP2/SigS2). and therefore, highly accurate measurement of the toner 
quantity is possible with less susceptibility to an influence of a noise or a change in quantity of light irradiated upon the 
intermediate transfer belt 141 . 

[0044] In addition, according to the first preferred embodiment, since the dark output voltages VpO, VsO are obtained 
in advance as dark output information and subtracted, for the purpose of correction, from the output voltages (received 
50 light quantity information) Vp, Vs which are detected during measurement of an actual quantity of toner, it is possible 
to further improve the accuracy of measuring the toner quantity by means of the elimination of an influence of the dark 
output voltages Vp0 : VsO. 

[0045] Further, while it is necessary to turn off the light emitting element 1 without fail to calculate the dark outputs, 
according to the first preferred embodiment, it is possible to turn off the light emitting element 1 without fail by means 
55 of application of the input offset voltage 41 as described earlier. 

[0046] Of course, although the preferred embodiment above requires to obtain the quantity of toner based on the 
output ratio (= SigP2/SigS2), the quantity of the toner may be obtained based on an output ratio (= Vs2A/p2) or a 
correlation between the quantity of the p-polarized light and the quantity of the s-polarized light. When the quantity of 
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the toner is to be obtained based on the output ratio, the correlation or the like in this manner, output ratios or correlations 
at different toner quantities are identified in advance on a standard sample whose toner quantity is known and stored 
in the memory 62. Such modifications are commonly applied to preferred embodiments as well which will be described 
later. 

5 [0047] The control unit 6 not only serves as toner quantity calculating means of the toner quantity measuring appa- 
ratus as described above, but adjusts process conditions such as an electrifying bias and a developing bias based on 
the measurement result (the quantity of adhering toner) if necessary and accordingly controls an image density. This 
allows to create an image with a stable density. 

[0048] By the way, although the toner quantity measuring apparatus according to the first preferred embodiment is 
10 incorporated in the image forming apparatus described above, a toner quantity measuring apparatus described below 
as following preferred embodiments may be incorporated instead. 

[0049] While the toner quantity measurement process (1 ) is carried out to measure the quantity of toner which ad- 
heres to the intermediate transfer belt 141 regardless of a toner color of the toner in the toner quantity measuring 
apparatus according to the first preferred embodiment above, as Figs. 10 and 11 show, the output voltages change 
differently with respect to a toner quantity between color toner (Fig. 10) and black toner (Fig. 11). Noting this, in a toner 
quantity measuring apparatus according to a second preferred embodiment, two types of toner quantity measurement 
processes (1 ), (2) are prepared in advance and selectively executed in accordance with a toner color of toner adhering 
on the intermediate transfer belt 1 41 . In the following, the second preferred embodiment will be described in detail with 
reference to Figs. 12 and 13. Electric and optical structures of toner quantity measuring apparatuses according to the 
second preferred embodiment, a third and a fourth preferred embodiments which will be described later are exactly 
the same as those according to the first preferred embodiment, and therefore, will not be described. Instead, a specific 
toner quantity measurement flow will be mainly described. 

[0050] Fig. 1 2 is a flow chart showing operations in the second preferred embodiment of the toner quantity measuring 
apparatus according to the present invention. In the second preferred embodiment,^ in the first preferred embodiment, 
Steps S1, S2 are executed and a sensor output in the OFF-state, namely the dark output voltages VpO, VsO are 
detected and stored. Following this, at Step S4, whether toner adhering to the intermediate transfer belt 141 is color 
toner or black toner is determined. The control unit 6 of an image forming apparatus of this type holds sequence control 
information which contains an order of forming toner images on the intermediate transfer belt 141 and the sequence 
control information also contains information regarding a toner color in which an image is being created and information 
regarding a toner color of a toner image which is positioned in front of the sensor. Hence, the control unit 6 may execute 
Step S4 for judgment based on this toner color information. 
[0051] When it is determined at Step S4 that the toner adhering to the intermediate transfer belt 141 is color toner, 
the sequence proceeds to Step S3 to carry out the toner quantity measurement process (1 ) . Operations of toner quantity 
measurement at this stage are exactly the same as those according to the first preferred embodiment, and therefore, 
55 will not be described. On the other hand, when it is determined at Step S4 that the toner adhering to the intermediate 
transfer belt 1 41 is black toner, the sequence proceeds to Step S5 to carry out the toner quantity measurement process 
(2). 

[0052] Fig. 13 is a flow chart showing operations during the toner quantity measurement process (2) shown in Fig. 
12. In the toner quantity measurement process (2), the signal Slc(2) which is at a signal level beyond the dead zone 
is set as the light quantity control signal Sic, and the light quantity control signal Slc(2) is supplied to the irradiation 
quantity adjusting unit 5 to thereby turn on the light element 1 (Step S51). This causes light from the light emitting 
element 1 to irradiate upon the intermediate transfer belt 141, the reflection quantity detecting unit 7 to detect the 
quantities of the p-polarized light and the s-polarized light of the light which is reflected by the intermediate transfer 
belt 141 , and the control unit 6 to receive the output voltages Vp, Vs which correspond to the respective light quantities. 
In the toner quantity measurement process (2), however, only the output voltage Vp regarding the p-polarized light is 
detected (Step S52). 

[0053] At Step S53, the dark output voltage VpO is subtracted from the output voltage Vp regarding the p-polarized 
light and the light quantity signal SigP2 which is indicative of the quantity of the p-polarized light which corresponds to 
the quantity of black toner is accordingly found (Step S53). In this manner, according to the second preferred embod- 
iment as well, as in the first preferred embodiment, the dark output voltage VpO is removed from the measured output 
voltage Vp, and hence, it is possible to accurately calculate a light quantity which corresponds to the quantity of the 
black toner. Even when there is a change in the dark output due to an environmental condition, such as an ambient 
temperature around the apparatus, or a change with time of the components which form the apparatus, it is therefore 
possible to obtain an output which reflects the quantity of the black toner without an influence of this. 
[0054] At Step S54 subsequently, the toner quantity D1 is detected based on the light quantity signal SigP2 which 
is corrected in the manner above. This is because when black toner adheres to the intermediate transfer belt 141 , the 
output voltages representing the p-polarized light and the s-polarized light monotonously decrease in accordance with 
an increase in black toner quantity as shown in Fig. 1 1 . Further, since a dynamic range of the p-polarized light is larger 
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than that of the s-polarized light as comparison of the output voltages representing the p-polarized light and the s- 
polarized light indicates, when measured based on the output voltage representing the p-polarized light whose dynamic 
.» range is wider a toner quantity is more accurately measured. 

[0055] In the second preferred embodiment, although the dynamic range of the p-polarized light is larger than that 

5 of the s-polarized light because of a characteristic of the beam splitter, when a beam splitter having a different char- 
acteristic is used, the dynamic range of the s-polarized light can be larger than that of the p-polarized light, in which 
case it is possible to measure a toner quantity based on an output voltage representing the s-polarized light. 
[0056] As described above, the second preferred embodiment realizes the following effect in addition to an effect 
which is similar to that according to the first preferred embodiment. That is, since the two toner quantity measurement 

io processes (1 ), (2) which are different from each other are prepared in advance and selectively carried out in accordance 
with a toner color of toner adhering to the intermediate transfer belt 1 41 according to the second preferred embodiment, 
it is possible to measure a toner quantity in an optimal measurement flow for each toner color, and therefore, more 
accurately measure a toner quantity. 

[0057] By the way, a reduction rate of an output voltage with respect to a toner quantity is smaller in a high-density 

15 region than in a mid- and a low-density regions as indicated at the dotted line in Fig. 14. For instance, when the light 
quantity control signal Slc(2) is supplied to the irradiation quantity adjusting unit 5 and the light element 1 is consequently 
turned on as in the second preferred embodiment, a width of change in output for the high-density region TR is DR 
(p2). As a result, the accuracy of measuring a toner quantity in the high-density region becomes lower than in the mid- 
and the low-densily regions. Noting this, according to the third preferred embodiment described below, for measurement 

20 of the quantity of high-density black toner the quantity of irradiated light is increased and the output change width in 
the high-density region is widened to thereby improve a measurement accuracy in the high-density region TR. 
[0058] Fig. 15 is a flow chart showing operations in the third preferred embodiment of the toner quantity measuring 
apparatus according to the present invention. The third preferred embodiment requires to execute Steps S1 , S2 and 
detect and store a sensor output in the OFF-state, namely, the dark output voltages VpO, VsO. Following this, at Step 

25 S4, whether toner adhering to the intermediate transfer belt 141 is color toner or black toner is determined. When it is 
determined at-Step S4 that the toner adhering to the intermediate transfer belt 1 41 is color toner, the sequence proceeds 
to Step S3 to carry out the toner quantity measurement process (1 ). Operations of toner quantity measurement at this 
stage are exactly the same as those according to the first preferred embodiment, and therefore, will not be described. 
On the other hand, when it is determined t Step S4 that the toner adhering to the intermediate transfer belt 141 is black 

30 toner, the sequence proceeds to Step S6. 

[0059] At Step S6, whether the density of the toner adhering to the intermediate transfer belt 141 is high, middle or 
low is determined. This type of toner quantity measuring apparatus comprises means which holds image information 
regarding a toner image which is formed on the intermediate transfer belt 1 41 . Since a general judgment can be made 
on a toner density of a toner image based on this information, the control unit 6 may make a judgment at Step S6 

35 based on this image information. 

[0060] When it is determined at Step S6 that the toner density is a middle or low density, the sequence proceeds to 
Step S5 to carry out the toner quantity measurement process (2). Operations of toner quantity measurement at this 
stage are exactly the same as those according to the second preferred embodiment, and therefore, will not be de- 
scribed. On the other hand, when it is determined at Step S6 that the toner density is a high density, the sequence 

40 proceeds to Step S7 to carry out a toner quantity measurement process (3). 

[0061] Fig. 16 is a flow chart of operations during the toner quantity measurement process (3) which is shown in Fig. 
15. In the toner quantity measurement process (3), the following is done before a toner image is formed. First, a signal 
Slc(3) which is at a signal level beyond the dead zone is set as the light quantity control signal Sic, and the light quantity 
control signal Slc(3) is supplied to the irradiation quantity adjusting unit 5 to thereby turn on the light element 1 , and 

15 an output voltage Vp3 for the p-polarized light is detected. Following this, a signal Slc(4) which is at a signal level 
beyond the light quantity control signal Slc(3) is set as the light quantity control signal Sic, and the light quantity control 
signal Slc(4) is supplied to the irradiation quantity adjusting unit 5 to thereby turn on the light element 1 , and an output 
voltage Vp4 for the s-poiarized light is detected (Step S71). 

[0062] From these results of the detection, a light quantity control characteristic is derived (Step S72). More specif- 
50 ically, as shown in Fig. 17, the light quantity control characteristic is determined based on the output voltage Vp3 in 
response to the light quantity control signal Slc(3), the output voltage Vp4 in response to the light quantity control signal 
Slc(4) and the dark output VpO, and the upper limit value Slc(1) of the dead zone is found. Following this, the signal 
level of the light quantity control signal is raised from the signal level Slc(2) which is used in the first and the second 
preferred embodiments to a signal level Slc(5), for the purpose of increasing the quantity of the irradiated light (Step 
55 S73). For example, where a light quantity increase rate is to be 3, as shown in Fig. 6, the light quantity control signal 
S1c(5) is set to a value which is calculated as: 
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Slc(5) = Slc(1) + 3 X (Slc(2) - Slc(1)) 



H 1 pm. C ntT 9ed ' i9ht qUan , ttty COntrol Si9 " al SIC(5) iS SUpplied t0 the irradiation quantity adjusting unit 5 and the lioht 
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light is enhanced to the dynamic range DR(g1) from the dynamic range DR(gO). 

[0070] At Step S83 subsequently, the light quantity signal SigP2 corresponding to the p-polarized light and light 
quantity signal SigS2 corresponding to the s-polarized light are calculated from the formulae below: 



SigP2 = Vp - VpO 



SigS2 = (Vs - VsO) / M 

10 

[0071 ] Following this, a ratio between the light quantity signals SigP2 and SigS2 corrected in the manner described 
above is calculated (Step S84), and a toner quantity is measured based on the calculated output ratio (= SigP2/SigS2) 
(Step S85). 

[0072] The present invention is not limited to the preferred embodiments above but may be modified in a variety of 
15 ways other than those described above to the extent not departing from the spirit of the invention. For instance, ac- 
cording to the preferred embodiments above, the light receiving units 4, 70p, 70s have a structure as that shown in 
Fig. 5 and the output voltage VO corresponding to the quantity of received light (the quantity of reflected light) is outputted 
from the operational amplifier OP of each one of the light receiving units 4, 70p, 70s. With a variable resistor VR 
interposed between the output terminal of the operational amplifier OP and the ground potential as shown in Fig. 20, 
20 the following effect is obtained. That is, in the light receiving unit shown in Fig. 20, by means of manipulation of the 
variable resistor VR, it is possible to change a composite resistance R' between this output terminal and the cathode 
terminal of the light receiving element PS (described as the elements 42, 72p, 72s in the preferred embodiments), and 
hence, adjust the gain. The gain adjustment makes it possible to change the characteristic of the output voltage VO in 
response to the quantity of reflected light as shown in Fig. 21 . Thus, as the gain of the light receiving unit is adjusted 
25 in accordance with the structure of the apparatus, a toner quantity is measured more appropriately at an even higher 
accuracy. 

[0073] Further, in the light receiving unit shown in Fig. 20, the output voltage VO is: 



30 VO = / ■ R' + k • Voff 

(where the symbol k denotes a positive feedback gain due to the operational amplifier OP and the resistor VR), and 
therefore, even when the quantity of reflected light is zero, the offset voltage becomes high if the gain is set high. 
Because of this, the output voltage in response to the quantity of the reflected light saturates in the mid- and the low- 
35 density regions, thereby reducing a measurable range narrow. 

[0074] A solution of this problem may be to insert a variable resistor VR between the non-inversion input terminal 
and the output terminal of the operational amplifier OP as shown in Fig. 22. In such a light receiving unit, since the 
voltage VO at the output terminal is: 

40 

VO = / • R' + Voff 



the output voltage VO in response to the quantity of the reflected light changes as shown in Fig. 23. In other words, 
the offset voltage where the quantity of the reflected light is zero is always the voltage Voff, which solves the problem 
45 described above. 

[0075] Further, while the foregoing has described the preferred embodiments on the premise that s-polarized light 
is to be completely removed by the polarizing beam splitter 3 from irradiated light, since perfect separation is difficult 
in reality, irradiated light may contain s-polarized light. Even when irradiated light containing p-polarized light and s- 
polarized light at a ratio of 1 : n (n < 1) is used, it is possible to measure the quantity of toner in a similar manner to 
so those according to the preferred embodiments above. In addition, although p-polarized light is used as light which is 
irradiated upon the intermediate transfer belt 141, irradiated light containing only s-polarized light or containing p- 
polarized light and s-polarized light at a ratio of m : 1 (m < 1) may be used instead. 

[0076] Although the first and the third preferred embodiments and the embodiment aiming at improvement require 
to split reflected light into mutually different light components (p-polarized light and s-polarized light) and measure the 
55 quantity of toner based on these light components, the present invention is applicable to image forming apparatuses 
in general comprising a measuring aparatus such as (1) a toner quantity measuring apparatus which receives only 
one of a plurality of light components, e.g., p-polarized light and measures the quantity of toner based on the quantity 
of the p-polarized light and (2) a toner quantity measuring apparatus which receives reflected light as it is and measures 
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the quantity of toner based on the quantity of the reflected light. 

[0077] In addition, although the quantity of toner adhering on the intermediate transfer belt 1 41 is measured according 
to the preferred embodiments above, the present invention is applicable also to a toner quantity measuring apparatus 
wh.ch measures the quantity of toner adhering on the photosensitive member 121 . In short, the present invention is 
applicable to toner quantity measuring apparatuses in general which measure the quantity of toner adhering on an 
image earner. 

[0078] Further, an image forming apparatus which can mount the toner quantity measuring apparatus according to 
the present invention is not limited to the apparatus which is shown in Fig. 3. The present invention is applicable to 
mnTo, TT 9 ap u paratuses in 9 eneral which create a monochrome image or a color image on an image carrier 
[0079] Although the invention has been described with reference to specific embodiments, this description is not 
meant to be construed in a limiting sense. Various modifications of the disclosed embodiment, as well as other em- 
bodiments of the present invention, will become apparent to persons skilled in the art upon reference to the description 
of the invention . It is therefore contemplated that the appended claims will cover any such modifications or embodiments 
as tall within the true scope of the invention. 



Claims 
1. 



A loner quantity measuring apparatus which measures the quantity of toner adhering to an image carrier, com- 



prising 



a light emitting element which irradiates light toward said image carrier; 

a light receiving element which receives light reflected by said image carrier and outputs a signal which cor- 
responds to the quantity of received light; and 

toner quantity calculating means which calculates the quantity of said toner which adheres to said image carrier 
based on the output from said light receiving element, 

wherein a predetermined output offset is applied to the output from said light receiving element. 

The toner quantity measuring apparatus of claim 1 , further comprising irradiation amount adjusting means which 
controls said light emitting element in accordance with a light quantity control signal supplied from said toner 
quantity calculating means to thereby control the quantity of light irradiated by said light emitting element 

wherein said irradiation amount adjusting means keeps said light emitting element turned off while said light 
quantity control signal remains below a predetermined input offset. 

A toner quantity measuring apparatus which measures the quantity of toner adhering to an image carrier com- 
prising: ' 

a light emitting element which irradiates light toward said image earner; 

irradiation amount adjusting means which controls said light emitting element in accordance with a light q uantity 
control signal which is supplied from outside to thereby control the quantity of light irradiated by said light 
emitting element; a 

a light receiving element which receives light reflected by said image carrier and outputs a signal which cor- 
responds to the quantity of received light; and 

toner quantity calculating means which supplies said light quantity control signal to said irradiation amount 
adjusting means and accordingly sets the quantity of said light irradiated by said light emitting element to 
hereby calculate the quantity of said toner adhering to said image carrier based on an output signal from said 
light receiving element, 

wherein said irradiation amount adjusting means keeps said light emitting element turned off while said light 
quantity control signal from said toner quantity calculating means remains below a predetermined input offset 

The toner quantity measuring apparatus of claim 2 or 3, further comprising: 

an irradiation-side beam splitter which splits a portion of said light irradiated by said light emitting element 
toward said image carrier at a predetermined rate and extracts split light and 

irradiation quantity monitoring means which receives said light extracted by said irradiation-side beam splitter 
and outputs a signal which is in proportion to the quantity of said irradiated light upon said image carrier 
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wherein said irradiation amount adjusting means feedback-controls said light emitting element based on said 
light quantity control signal which is supplied from said toner quantity calculating means and a signal which is the 
t > output from said irradiation quantity monitoring means as it is with a predetermined offset applied thereon. 

5 5. The toner quantity measuring apparatus of any one of claims 2 through 4, wherein said toner quantity calculating 
means supplies said light quantity control signal which corresponds to the density of said toner on said image 
carrier and accordingly adjusts the quantity of said irradiated light. 

6. The toner quantity measuring apparatus of claim 5, wherein said toner quantity calculating means provides said 
10 irradiation amount adjusting means with at least two light quantity control signals which are different from each 

other before adjusting the quantity of said irradiated light, and identifies a light quantity control characteristic from 
each one of said light quantity control signals and an output from said light receiving element corresponding to 
each one of said light quantity control signals, 

and said toner quantity calculating means, for adjustment of the quantity of said irradiated light, determines 
15 which quantity control signal to supply to said irradiation amount adjusting means based on said light quantity 

control characteristic. 

7. The toner quantity measuring apparatus of any one of claims 1 through 6, wherein said toner quantity calculating 
means comprises a memory part which temporarily stores, as dark output information, received light quantity 

20 information which is expressed by the signal which is outputted from said light receiving element when said light 

emitting element remains turned off, and when said light emitting element is turned on, said toner quantity calcu- 
lating means subtracts said dark output information from said received light quantity information which is expressed 
by the signal which is outputted from said light receiving element, to thereby calculate the quantity of said toner 
based on a result of the subtraction. 

25 

8. A toner quantity measuring apparatus which detects the quantity of toner adhering on an image carrier, comprising: 

a light emitting element which irradiates light upon said image carrier; 

reflection quantity detecting means which detects light quantities of a first and a second light components 
30 which are different from each other and contained in reflected light from said image carrier; and 

toner quantity calculating means which calculates a light quantity ratio between the light quantity of said first 
light component and the light quantity of said second light component which are detected by said reflection 
quantity detecting means, and calculates the quantity of toner adhering on said image carrier based on said 
light quantity ratio. 

35 

9. The toner quantity measuring apparatus of claim 8, wherein said reflection quantity detecting means comprises: 

a polarizing beam splitter which splits reflected light from said image carrier into p-polarized light and s-polar- 
ized light; 

40 a first light receiving element which receives the p-polarized light coming from said polarizing beam splitter 

and detects the quantity of the p-polarized light as the light quantity of said first light component; and 
a second light receiving element which receives the s-polarized light coming from said polarizing beam splitter 
and detects the quantity of the s-polarized light as the light quantity of said second light component. 

45 1 0. A toner quantity measuring apparatus which detects the quantity of toner adhering on an image carrier, comprising: 

a light emitting element which irradiates light upon said image carrier; 

reflection quantity detecting means which detects light quantities of a first and a second light components 
which are different from each other and contained in reflected light from said image carrier; and 
50 toner quantity calculating means which is structured so as to be able to execute, as a measurement process 

of measuring a toner quantity, a plurality of toner quantity detection processes which are different from each 
other, and selectively executes one of said plurality of toner quantity detection processes in accordance with 
the color of toner adhering on said image carrier. 

55 11. The toner quantity measuring apparatus of claim 10, wherein a dynamic range of a first light quantity signal, which 
is outputted from said reflection quantity detecting means as a signal which is indicative of the light quantity of said 
first light component, is larger than a dynamic range of a second light quantity signal which is outputted from said 
reflection quantity detecting means as a signal which is indicative of the light quantity of said second light compo- 
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said toner quantity calculating means calculates the quantity of black toner based on only the light quantity 
of said first light component if said toner to be measured is black toner, and 

if said toner to be measured is toner other than black toner, said toner quantity calculating means calculates a light 
quantity ratio between the light quantity of said first light component and the light quantity of said second light 
component and identifies the quantity of said toner adhering on said image carrier based on said light quantity ratio. 

12. The toner quantity measuring apparatus of claim 11 , wherein said light emitting element is structured so as to be 
able to change the quantity of irradiated light upon said image carrier, and 

said toner quantity calculating means, if said toner to be measured is black toner, controls said light emitting 
element such that said light emitting element irradiates light upon said image earner in a larger irradiation quantity 
than when said toner to be measured is toner other than black toner. 

13. The toner quantity measuring apparatus of claim 8 or 10, wherein said reflection quantity detecting means com- 
prises- 



light splitting means which splits said reflected light from said image carrier into said first light component and 
said second light component: 

a first light receiving element which receives said first light component coming from said light splitting 
means and detects the light quantity of said first light component; and 

a second light receiving element which receives said second light component coming from said light split- 
ting means and detects the light quantity of said second light component, 

wherein when a dynamic range of a second output signal from said second light receiving element is smaller 
than a dynamic range of a first output signal from said first light receiving element, said second output signal is 
amplified at a higher amplification rate than that for said first output signal. 

14. The toner quantity measuring apparatus of any one of claims 8 through 13, wherein said light emitting element 
controls the quantity of said irradiated light upon said image carrier in accordance with a light quantity control signal 
which is supplied from said toner quantity calculating means, 

and said toner quantity calculating means provides with said light emitting element with a light quantity control 
signal which corresponds to the density of said toner on said image carrier and accordingly adjusts the quantity 
of said irradiated light. 

15. The toner quantity measuring apparatus of claim 14, wherein said toner quantity calculating means provides with 
said light emitting element with two light quantity control signals one after another which are different from each 
other before adjusting the quantity of said irradiated light, and derives a light quantity control characteristic from 
each one of said light quantity control signals and an output from said reflection quantity detecting means corre- 

40 sponding to each one of said light quantity control signals, 

and said toner quantity calculating means, for adjustment of the quantity of said irradiated light, determines 
which quantity control signal to supply to said light emitting means based on said light quantity control characteristic. 

16. An image forming apparatus, comprising: 

the toner quantity measuring apparatus of any one of claims 1 through 15; 
image forming means which creates a toner image on an image carrier; and 

toner quantity calculating means which adjusts a process condition based on a toner quantity which is meas- 
ured by said toner quantity measuring apparatus and accordingly controls the density of said toner image. 
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